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®A sputtering tirgot attemfaly comprising a sputtering (argot and a backing I plate Aaro^i^ In that 
eM »u*% target and backing Plata to d^aton-honded wfth or wWotf an lmjjter Inaorts 
SSpoaad^fO-bXean ao as to have sdw phaaadl^Jon^o^ 

wl^ao-togo^betai^ 

2£f3G^^ Plata. Tho aaiw^rlfwlon boring of** terga and 

ffisTite, ^ith or without ona or mora ineort intarpoaad therebetween, at a luw tj^omt^o and 
ora^ra. cauaea intordiffueton of *a!r oenattienl atoms to aualn h)gh adhwten 
Ct atCant deterioration or largo deformation o< tha target J^ A J^^^J^J^ 
growm in ttia target material. The bond thua euatac I proves filgWy rt\M*^^ "^™™> 
ibnjpt decreaw in bond strength upon elevation of their eer/rce temperatura and L^J 0 ^ 8 !" 
• phaaa bonding* 100% bonding t* achieved with noun-bonded portona aueh aa pore* left along the 
interfaces. 
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[Raid of the Invention] 

Thte Invention related to a sputtering target As- 
sembly composed of a sputtering tango* and a bacfcine 
plate, and more spedf iealy to a sputiaring target as* 
sombty and a method of manufacturing the name fea- 
turing by bonding a sputtering target and a backing 
plata by solid-phase diffusion bonding, with or With- 
out an Insert or Inserts placet* therebetween. 

By adid-phase diffusion bonding, a sputtering 
target exhibits excollentadhealon and band strength 
ia a backing plate white maintaining Its structure end 
crystal characteristics Including cryataJ gain site, 
crystal orlo ntatton etc. which It had before the diffu- 
sion bonding with no contamination possibly caused 
by the bonding procew. 

[Background of tha Invention] 

Sputtering targets aerva as sputtering source* to 
form electrodes, gatae, wirings, elomente, protoetrvo 
flme and tha Ilka of various semiconductor dovlooo 
on aubstrttetf by sputtering operation, They usually 
take tha form of disk-shaped plates, A3 accelerated 
particles Impinge against a target eurfaee. part of the 
atoms constituting the target la sputtered to tha apace 
by momentum exchango to dopoaU on an oppositely 
located substrata, Typical sputtering targets In use In- 
clude AJ and Al olloy tamstB,a refractory metal and Its 
alley (W, Mo. 71. 7a, Zr, Nb f etc. and their alloys such 
as w-71) targete, and high-melting eiliclde (Mosu, 
WSI,, etc) targets. Tho targetsare usually uaed In the 
form of aeeombly Integrally bonded with a backing 
material, known as a backing ptata. which provides 
both support and cooling functions. A sputtering tar- 
get assembly ta mounted in a sputtering system, and 
in* rear side of the backing plate ta cooled to dissi- 
pate tha hoat Ural "» generated in the target during 
sputtering operation. The backing plates In use today 
ale mada_af metals and alloy with oood thermal cor>^_ 
""duGuvttiea, such as oxygarHfree copper (OFC), Cu al- 
loy*, Al afloyi, stainless steels pus), and Tl and Tl ah 
loya. 

Heretofore, for the bonding of a sputtering target 
and a backing plate to constitute a aouttertng target 
aeeombly, bfaimg method using a low- malting braz- 
ing materia! such as In or 3n alloy haa been primarily 
employed. But, tha brazing technique using a low- 
malting brazing material haa tha following disadvan- 
tages: 

(1 ) tt»« tow melting point of brazing materials, 1 56 
•C for In or 1 60-300 f C ovon for an 8n alloy, eaua* 
ea a sharp drop of tha bond strength under ahear 
as the service temperature* approaches its melt* 
ing point. Specif IcaBy, the bend strength under 
shear at room temperature is laaa than 1 kg/mm* 
for in and 2-4 kg/mm* for even an Sn alloy which 
has relatively high strength. This combines with 



the low malting point of the brazing materia) to 
cause a chart drop of tha bond strength under 
ahear upon u>mpo r ab<re rise. 
(2) With the brazing technique, 1D0% bonding 
$ with noun-bonded portions Is difficult to achieve 
amce the contraction upon solidification of the 
brazing material during tha bonding process 
leaves pore* (air gaps) behind along the bonded 
Interfaces between the target and backing priato. 
io Conaoquontly, the electric power to bo provided 
for sputtering is limited to a low level. Also, when the 
system Is loaded with greater sputtering power than 
specified or operated under inadequate cooling water 
control, troubles such as the separation of the target 
*s are caused due to a decrease in bond strength upon 
tamper* tare rtao of the targot or melting of tha brazing 
material. 

The employment or a hJgrwna»ting brewing rnate- 
rial In place of the low-maldng one requires a h&iar 

20 temperature for braiing. which sometimes affects the 
target quslity adversely. 

A recant tendency Is toward tho use of greater 
electric power for sputtering to Improve the through- 
put for f im forming by sputtering, in view of thle, there 

Z6 te strong demand for a target which is capable of 
maintaining the bond strength above a predator- 
mined level oven at elevated tampers turoa. 

Meanwhile. Japanese Patent Application Public 
Disclosure NOS. 14326871992 and 143265/1*92 dis- 

jo dosed targeto and methods of manufacturing them 
which Involve a process of Integrally bonding a first 
motel member that serves a* a sputtering material to 
a second metal member that serves as a support 
either directly or through tha interposition of a spacer 

98 having a higher melting point than the first metal 
member. As regards the method of Integrally bonding 
them togothor, explosive welding ia primarily ex- 
plained. Others referred to aa employable are hot 
preao, HIP, end hot roll mot hods. TaWng the hot proaa 

to method farexamplo. It Is described as comprising the ,_ 
steps of working and machining, o.g^ an aM%SI al- 
loy as the ftat metal member (sputtering material) 
and oxygen-free copper aetha peoond metal mombor 
(support), both to relatively simple shapes, end bond- 
is tng the two members by hot pressing at 300-500* C 
for 60 minutee, whereby a diffusion loyer-of about 2 
um thickness iseald to be formed, and thereafter ma* 
chining the first and second metal members (eputtar- 
Ing materia! and support) thus bendod together to f W 

30 nal configurations It is also stated to the effect that 
alternatively the first end second metal members hav- 
ing bean machined to desired shapes may be bonded 
by explosive welding. 

as [Problems to bo solved] 

The met hoda described obovo involve high pres- 
sure bonding or the fist and aacond metal members 
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under very great Impact or heavy load such as a ex- 
plosive bonding, hot press, HIP, or hotrod technique. 
Thja process causes serious deformation of tho first 
metal member to be sputtered (target material)* and 
attendant increased Internal strains and the change s 
of crystal structure. 

Particularly, tho uniformity as of crystal size and 
crystal orientation of a target la destroyed resulting in 
different crystal grain diameters and crystal orienta- 
tions on various locations Of the target Aa a result, tha to 
quantity of sputter from tho target begina to vary from 
point to point which leads to variation of depooitodfilm 
thtaJmooo and hence dopoeitad film properties. This 
problem b recently pointed out that thfa m a matter of 
serious concern. Further, the contamination of sur- rs 
face layer of the target produced is severe and 10 the 
yteld of target material to be finished to the final size 
la very poor. Although it to aioo stated in tho above 
mentioned publication thai tha f irat and second metal 
members may be bonded by explosive bonding after zo 
they hove been machined to doorcd configurations, 
In that case, dafor motion of the target material and at- 
tendant increased internal strains and tho change of 
crystal etructure, end outface I oyer contamination are 
fnevtable aa stated above. 29 

Reoanlfy, target matarlais having melting points 
below 1000° C, o.g>, aluminum or aluminum alloys, 
have rapidly coma into use for tho wirings or intercon- 
nections of semiconductor devices. These target ma- 
terials fn many cases are supplied as f I ntehed do final so 
geometry with very high purity, Sueh ralativaly lower 
melting target materials are susceptible to larg sr dam- 
ages of its cryatal structure, earn* times accompanied 
with coarsening of grain size of the target material. 

as 

[Objoctof I he Invention] 

The present invention hsa for its object the devel- 
opment of a technique for bonding a target material 

-two*w*>e4*ie^Pe^somnJry nr nr-sr nnt n frapp gT t he 40- 

f inal gaomatry to a backing plate with a high strength 
while' maintaining the uniformity of the crystal atruo* 
ture end importing no doformative, degrading, or 
other unfavorable effect upon the target material fr- 
eelf. * 

[Summary of the invention} 

The present inventors hove ooarehod for a bond- 
ing method for Large! matarlais which Inhtbte the » 
cryatal characteristics agch as crystal grain growth 
and causes Iftle detormatrve or other adverse effects 
upon the materiel. As a result It has now boon found 
that aoifrphaae diffusion bonding with or without the 
use of an insert produces a far better bond than oa> 6s 
ported In their Interfaces- The affusion bonding, par- 
formed while maintaining a solid phase under a light 
load (a low afratn rate) in a vacuum, gives high adhe- 

a 



a)on and high bond strength with no r very small de- 
formation of the target material and with no un-bond* 
ed portions such as pores along the interfaces, while 
Inhibiting the destruction of uniform cryatal structure, 
the growth of grains, etc. which the target material 
had before the bonding. 

The term "coltd-phaso dff fusion bonding" as uaod 
herein means a technique of bonding a target material 
and a bscWng plate wtth orwlthoutan Insert or Inserts 
sandwiched therebetween by dff fusion along the in- 
terfaces under light heating arid pressing conditions, 
whereby the two members are bonded while main- 
taining the solid phase rather than being melted, 
without causing unfavorable effects upon the target 
malarial including Its grain growth and structure 
chang 0. 

Baaed upon this discovery* this Invention pro- 
vides a sputtering target assembly comprising a sput- 
tering target and a becking plate characterized In that 
said apu Baring target end backing plate are solid- pha- 
se diffusion-bonded with or without an Insert or In- 
serts Interposed therebetween so as to have solid 
phaso 4 fffus ton-bonded interfaces therebetween, 
said drffusion-bonderi sputtering &rget substantially 
maintaining metallurgical charecteristlce and proper- 
ties that tho oputtaring target had bo fore it ia diffusion- 
bonded to said bacftng plats, 

It ta convenient In explanation to dMde target ma- 
terials into ones having melting temperatures below 
and no less than 1000 °C end separately dtocuso 
them. 

This Invention* In Its first aspect provides: 
(1-1) a eolid-phsse d'rf fusion-bonded sputtering 
target assembly characterized by being com- 
posed of a target material having 0 melting point 
below 1000* C, one ormemlftflort, end a backing 
plate, said target material, said Insert and said 
backing plate having solid-phase diffusion bond- 
ed interfaces formed therebetween, said target 

grain 3 fee not exceeding 250 urn; and 
(1-2) a method of manufacturing a sputtering tar- 
get assembly, said target material having a grain 
size not exceeding 250 urn cnaractertzed by sol* 
id-phase diffusion bending of a target material of 
a given final shape having a melting point below 
1000 *C and a bacldng plate of a given final 
shape, with one or more inaerta interposed there- 
between, under a vacuum at a temperature be- 
tween 150 and 300 *C 

Typical of the target material consists of alumi- 
num or an aluminum alloy. The insert typlcaty con- 
sisto of siveror a stiver alloy, copper or copper alloy, 
ornicKeloranickei alloy. 

This invention, in a second aspect providoe: 
(2-1) a solid-phase diffusion-bonder] sputtering 
target assembly characterized by being com- 
posed of a target materia] having a melting point 
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no less than 1 000 °C, one or more ln$ort selected 
from the group consisting ofmataiaoral/oys hav- 
ing fower melting points than the target material, 
and a backing plate, said target material, uid Irv 
aart and said hacking plato having a ulld-phaoo 
diffusion bonded Interfaces formed thorcbatw- 
oen; and 

(2-2) a method of manufacturing a sputtering tar- 
gat assembly charaetertwd by solld-phaae diffu- 
sion banding of a target material of a glvan finaj 
shape having a malting point no lo*s than 1000 
*C and a bacidng DtoDo of a givan final ahape, with 
one or mono insert Interposed therebetween, 
aafd Inaart balng made of ona or more materials 
selected Trom t ha group consisting of ma tali oral- 
loyi having lowor matting points than tha target 
malarial, under a vacuum at a temperature be- 
tween 200 and 600 °C and at a praaaure between 
0.1 and 20 kg/mm*. 

The target material typically Includes a refractory 
metal selected from tha group constating ofW. Mo. 1\ 
Ta, 2t and Nb and ila alloys, Tha In&ert typically con- 
state of oilvor or silver aHoya, copper or oopper alloys* 
or nickel or nickel alloys. 

tn a combination of a titanium targot material and 
a titanium backing plate, wo hevo found that the sdkJ- 
phase diffusion bonded Is permitted with no use of in- 
sert 

Than. In b third aspect, this Invention provides: 
(3-1) a xoird-phaaa diffusion- bonded apu coring 
target eeoambly ctiaraotertzed by being oom- 
poaad of a titanium target material and a backing 
plata of titanium, which have solM-phaae diffu- 
sion bonding Interfaces formed therebetween, 
said target materia] having a uniform crystal 
structure wfth a crystal grain diameter not ex- 
ceeding 100 |im; end 

(3-2) e method of manufacturing a eolW-phese 
dlffuiton bonded sputtering target asaambjy in 

lacfiltfUha targnt matrrinl hnn a uniform fryatnl 

structure with a crystal grain diameter of not ex- 
ceeding 100 urn, characiartced by aollaVphaao 
diffusion bending ©f aatanfum target material and 
a backing plato of titanium under conditions auch 
that tha strain rate attained la at meet IX 
10^/aec lf preferably et 350-650 *C. 
The aoUd-phaaa diffusion bonding of the target 
and backing plato. wHh or without one or more inaart 
sandwiched therebetween, at a low temperature and 
pressure causes interdiffudon of their constituent » 
atoms to attain high adhesion *mj bond strength with- 
out attendant deterioration or deformation of tho tar- 
get materia], while Inhibiting tho crystal grain growth 
In the target material. Tha bond thua obtained proves 
highly reliable because it undergoes no abrupt de- ta 
crease in bond nirengtfi upon elevation of tha service 
temperature and. owing to the solid phase bonding, 
100% bonding ia achieved with no un- bonded por- 



tions such aa pcres (eft along the interfaces, 
[BRIEF EXPLANATION OF THE DRAWINGS] 

FIG. 1 ia a perspective viow of a sputtering target 
asaembiy consisting of a target materia) and a back- 
ing plate bonded through an Inaart by aolieVphase dif- 
fusion bonding h accordance with this Invention. 

FIG. 2 la a graph comparing tho bond strength 
values under shear at room temperature of the diffu- 
alorvbondod target assembly of this invention with 
those of the bonded material that used a low-melting 
brazing malarial of the Sn-Pb-Ag system In Example 
1. 

F1Q, 3 ts a graph showing the temperature de- 
pendence of tho Dond sffongth values underehaar of 
the bonded material* of Example 1 . 

FIG. 4 is a micrograph showing tho metallography 
ic structure m tha vicinity of bonded inuwfacea of an 
assembly Consisting of an AI-1%fil-0^%Cu target. Ag 
fed. and an OFC backing plate according to t hie Inven- 
tion. 

FIG. 5 is a micrograph showing the metallograph- 
tc structure in tha vicinity of bonded interfaces of an 
assembly consisting of a tungat&n target and a titani- 
um backing place bonded wtth an Insert by solid- pha- 
se diffusion bonding, 

FIG. 8 b a graph comparing the bond strength 
values under shear at room temperature of the solid- 
phase dlftuaion-bondod target assembly of this In- 
vention wtth those or the assembly that usod en in 
brazing metal in Example 6. 

Fits. 7 is a micrograph showing the metallography 
Ic structure In tha vicinity of the bond Interface of an 
target assembly consisting of a titanium target solid- 
phaso drffbflton-bonded to a batStlng plats of titanium. 

[Explanation of preferred embodiments] 

terlng target aasembfy manufactured by diffusion- 
bonding a target material 1 and a backing plate 2 
through en insert 3 in aecordanca wtth this invention* 
The component* are eoMy bonded tog other with sol- 
id-phase difnjslon-bondad Interfaces 4. The insert 3 
may be omitted depending upon a combination of the 
target material and the backing plato, l n this case, the 
target material 1 and tha backing plate 2 directly form 
their solid-phase dfflUstan-bcnded interface. The tar- 
get material maintains the metallurgical charoctafla- 
tlcs and proportion that It had before dtffvoion bond- 
ing. 

The objective of this invention Includes many 
kinds of target materials. For convenience tn explan- 
ation, an explanation will be made drains target ma- 
terials with tha melting point of 1000 °C aa a measure. 
This Invention Includes, aa ita objective, both targot 
materia) & havin g malting points of no mom than 1 ooo 
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'C and target materials having melting points of bo* 
yond 1000»C. 

Typical examples of target materials having a 
malting point no mora than 1 000 »C are aluminum and 
aluminum alleys such aa Al^t-Cu,AI-SI, and Ai-Cu al- s 
leys. Other alloy targets compos ad principally of such 
metals as Cu or Au also coma within the con tempi 8* 
tton of this group. As for Insert materials, Ag. Cu, Nl, 
or the* alloy© are usually used. One or more audi In- 
sert material may be used in layers, to 

Examples of target materials having a melting 
point above 1 000*C are target materials of refractory 
metal? and their alloyo, euch ae W, Mo, Ti, Dei, Zr, Nb r 
end VV-Tl, end of hlgh*meldng compound*, such as 
high-melting silicidee (Mo$l„ W3i,p etc.). The material 19 
to be used ae en insert herein Jo one or more of metal a 
or eiioya having e melting point lower then that of the 
target material. Typical of insert materials (a Ag, Cu, 
Nl, or their alloy. For edid-phaea diffusion bonding, 
the use of an insert material having a lower meting » 
poim than the target material employed Is essential. 

In the combination of a titanium target matoml 
end a titanium booking plate, the eolid-phoee diffu- 
oion-bondlng is permitted with no use of an insert Aa 
the titanium target materials, high-purity titanium tar- zs 
get material having apurftyof3a.$9% or upward are 
preferable. Titanium becking plates may be of ordi- 
nary Industrial purity. For the purpoeoa of the inven- 
tion tho term titanium 4 Is used to encompass the ei- 
ioya with small percentages, up to 10% by weight, of jo 
alloying addibVee, ouch aa Al, V, end Sn. 

In fabricating a sputtering target assembly with 
the use of Inserts), a backhg plate and a targot ma- 
terial are docronsed and rinsed with an organ to sot- 
vent Ike ecaiona. Then, between the two to Inter- j$ 
poead an Insert of one or more material* chose n from 
among Ag. Cu. NL and their alloy*, doeinably having 
at loaat 10um thteKnees. Tne Insert too must be de- 
greased and rlnsod beforehand. The use of o 10 um 

Qfthfrhfif ^ MmtiMUhfl wtwnpfim* M_ 



slating of a target material* e becking platband an in- 
sert is generally dfffusion-bonded In a aoEld state by 
hoJdtng et» constant tempdfature within a bonding 
temperature range of i$o-300 D C, preferably Of 150- 
250 °C. under a vacuum of 0.1 Torr or below and at a 
pressure of i .0-20 kg/mm*, preferably 3-10 kg/cm*, in 
tho way a sputtering target assembly la obtained. To 
avoid the formation of oxides, the bonding desirably 
is carried out In a vacuum atmosphere of 0.1 Torr or 
below. The choice of load to be applied depends upon 
the bonding temperature and the materials to be 
used. For sufficient pressure bond in 9 to produce in- 
terracial diffusion, the load must be at least 1.0 
kg/mm*, on the other hand, a load in excess of 20 
Xo/mmz can damage the target material. The bonding 
temperature is sot within 150-300 °C lor the following 
reasons, rf It la below 1S0 *C Insufficient diffusion of 
atoms results In poor adhesion. If It exceed a 300 °C 
crystal grain growth takes piece In the target materiel. 
Moreover, because of the difference in thermal ex- 
pansion rate, tho target material and backing plate 
land to warn or distort, leading to inadequate bonding. 

in the case of target materials having melting 
points more than 1000° C, a laminate consisting of a 
targot material, a backing plate, and an insert is gen- 
erally diffusion-bonded in a solid state by holding it at 
a constant temporatu re within a bonding temperature 
range of 200-600 *C under a vacuum of 0.1 Terror be- 
low and at e preaawre of 0,1-20 kg/mm 3 , preferably 3- 
10 kg/mm*. In this way a sputtering tans at assembly 
Uj obtained. His to avoid tho tor mail on of oxides that 
the bonding is carried out in a vacuum atmoophoro of 
0,1 Torr or below. Tho choice of tha applicable load 
depends on the bonding temperature and the mate- 
rials to be used. For sufficient pressure bonding to 
produce Interfadal diffusion, the load must be at leant 
0.1 kg/mm*. On the other band, a load in excoaa of 
20 kg/mm 3 can damage the target material. The bond- 
ing temperature la act within 200-800 "C for the foU 
-tnwfngnrRws. Jtit la below 2QQ 9 Q insufficient dKfu-. 



that result from surface trroguloxfflee, on the order of 
aoverai micrometers, caused by machining of the sun 
faces of the target and baching Plata to be bonded, 
would otherwise lessen tne adhesive strength. The 
upper Ilmh of thickness of tho Ineert la not specified 46 
provided the insert is thick enough for solid-phase 
diffusion bonding. Excessive tNoknoss is wasteful, 
however. A conventional fol. thin sheet or the like may 
bo omployed. For the material of the insert Ag, Cu, 
Nl, or their alloy is suitable as referred to above, by flo 
reason of moderately high melting point and diffusion- 
ability bo permit solid phase diffusion bonding. The in- 
sert s not limited to a einglo layer. TWo or mora eu- 
parposeo layers may be used Instead. The surfaces 
(o be bonded should bo troB from axldoa or other im- as 
purities. 

In the case of a target materials having a melting 
temperature no more than 1000 *C, a laminate con- 



slon of atoms results in poor odhoolon. If It exceeds 
600 *C tho crystal structure, mechanical properties 
and tho like of tho target material and/or backing plate 
can deteriorate. Moreover, because of trie difference 
In thermal expansion rote, tha target material and 
backing plate tend to warp or distort leading to inade- 
quate bonding. 

In tho case whom a titanium target material and 
a stantum backing plate are used, a laminate consist- 
ing of 0 targat material and a backing plate U gener- 
ally drf rualon-bonded in a solid state by holding it at a 
constant temperature within a bonding temperature 
range of 350-8S0 B C, prcfbraWy of 45O-600 °C, under 
a vacuum of 0.1 Torr or below and a load of 0,1-20 
kgfmm*, at a strain rata of lx10r*/aec or below, pre- 
ferably 1 x or below, in this way a Bputtering 
target assembly la obtained. To avoid the formation of 
oxides, the bonding desirably to carrlod out In a vn- 
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cuum atmosphere of 0,1 Tor r or below. Tho choice of 
applicable load depends on the bonding temperature 
end tho materials to be used. For sufficient pressure 
bonding to produce mterfeclal diffusion, tho load rnuet 
bo at least 0.1 kg/mm*. On tho other hand, a load in s 
excess of 20 Kg/mm* can damage the target material. 
The bonding temperature Is set desirably within tha 
range of 350-850 *Q for the following roaoono. If It lo 
below 350* C Insufficient diffusion of atoms wulia In 
poor edhwlon. If It oxcoeds 650°C grain growth tends 10 
to occur in tho target material, Qonboltins the strain 
rata Is particularly Important A strain rate In excess 
of 1x 1 0- 4 /sec wou/d cause nonuniform attaining in* 
aUa the target and attendant partial structural 
changed. It could alio result in a desroefloin the bond rs 
strength at and along trie diffusion bonding iwerucu. 

The sputtering target eeaembly thus obtained 
shows no deterioration of the target material, haa 
bonded interfaces with o bonding ansa percentage of 
100% produced by liquid phase-free solid phase dff- to 
fusion bonding, and can eatlafectorly bo uaad even In 
a high-poorer sputtering system. In addition, the crys- 
tal grain else of the target materiel can be kept below 
a required standard, for example no mora than 250 
u/n even for target materiaJa having melting points of 25 
no more than 1000*Cand no more than lOOurntoren 
assembly of titanium target materia) and titanium 
backing plate, and uniform sputtering can be ensured. 
To reduce tho adsorbed water, gas and The like on the 
target surface, it is passible to bake the target itself x> 
at about 200 °c before use unlike the ease where a 
lew-meldng brazing filler metal la used. 

Further explanations win be made with tho Ex- 
amples* The Examples set forth herein are merely tor 
illustration and do not Intend the restriction of this In- 3* 
ventfon. 



metre! points of the diffusion-bonded material are 
compared* in PIG. 2, with those of Corresponding test 
pieces of a laminate consisting of the same AM%SU 
0.5%Cu target material end OFC becking plate simi- 
larly bonded but with an ordinary (ow-melting brazing 
material of the Sn*Pb*Ag system. FIG. 3 shows tho 
temperature dependence of tho bond strength values 
under shear of these bonded material. As fa obvious 
from RGa. 2 and 3, the bond strength under shear of 
the laminate using thoSn-Pb-Ag low-melting brazing 
material Is about 9 kg/mm 2 , while the material solid- 
phase diffusion-bonded in accordance with this In- 
vention haa about twice the sfrongth, the values be- 
ing around G kg/mm*. As for tho temperature dopand- 
onco, the bond strength under shear of the material 
using the sn-Pb-Ag low-melting brazing material bo- 
comae zero In the vicinity of 1 &0 «C which Is the malt* 
Ing point of the brazing material itself. The solid-pha- 
se diffusion-bonded materia) of this Invention, by con- 
tract, exhibits a bond strength under shear of 3 
kg/mm 3 or more above 200 °C and retains a strength 
of 2 kg/mm 2 even above 250 °C FIG. 4 is a micro- 
graph of a cross section illustrating tho bond interfac- 
es end neighboring portions of a laminate composed 
of an AM%SMh5fcCu target Agfoi, End OFC back- 
ing plate according to the present invention. 

(Example 2) 

Targets were made by solid-phase diffusion 
bonding in the same manner as described in Example 
1 with tho oxcopilon that Inserts of copper foB or nick- 
el foil were used Instead. Similar effects were ach- 
ieved. 

(Ejcamplo 3) 



(Example 1] 



of a disk 300 mm in diameter and en oxygon-froe cop* 
per (OFC) backing plate of the seme efca were ultre- 
eonlcally degreaaed and rinsed with acetone. An In- 
sert of Ag faiHOOum thick wai used. Tho insert after 
the uttraacnic decreasing and rlnalng with acetone, 
was sandwiched between the AM%5H>*6%Cu target 
material and the OFC backing plots. 

Tho laminate oonetstmg of the am%si-o.5%cu 
target material, Ag rol insert, and OFC backing plate 
was drf fusion-bonded in a vacuum of fi x lO^Torr, at 
a bonding temperature of 250 9 C and under a toed of 
S kgmwn*. The gram shte of the target after the bond- 
ing was ISOuiru 

Solid-phase diffusion bonding vraa performed 
similarly but changing the bonding temperature alone 
to 550 °C. Tha grain size waa now 40Dum. 

Tho bond strength values under shear at room 
temperature of test pieces cut out off toe d Iffarant dla- 



A71 target material in the rerm Of a dtoK aoo mm 
In diameter end an oxygon-free copper (OFC) bock- 



grossed end rinsed with acetone. An ineert of Ag foil 
1 00 n m thick waa used. The insert, after the ultra eon- 
fo dcgresslng end rtnstog with ecriane, wee sand- 
wiched between the Ti target materia) end the OFC 
4* backing pieto. 

The laminate consisting of ihs 71 target material. 
Ag foil insert, and OFC becking plate wee difftmion- 
oonoed tn a vacuum of 5 x 1 D- 4 Tor r, at a bonding tem- 
perature of 250 *C, end under a load of fl kg/mm?, 
so Similarly In Example 1. tha bond strength values 
under shear at room temperature of test pieces cutout 
of five different diametral points of the diffusion- 
bonded materiel are cornpared with those of corre- 
apondtng test places of a laminate consisting of the 
a? same 7i target material and OFC backing plate eimW 
larly bonded but wtth an ordinary low-malting brazing 
material of the Sn-PfrAg gy«om. A similar graph ae 
in FIG. 2 was obtained. The tomperaturD dependence 
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of th band strength values undor shear ef these 
bonded materials was aimilaras In FIG. 3. Tho bond 
afrength under shearcf the laminate using the Srvpb- 
Ag low-melting brazing mats rial is about 3 kg/mm*, 
while tho material oolid-phase dlffUsIon-bonoed In ac- 
cordance with this invention has about twice tho 
strength, the valves being around 6 kg/mm 3 , As for 
the temperature dependence, the bond tfrongth un- 
der shear of the material using the Sn-Pb-Ag low- 
meWng brazing material becomes zoro in the vicinity 
of ifiO *t wh?eh isthe malting point of the brazing ma- 
terial itself, The eof id-phase diffusion* bonded materi- 
al of this invention, by contrast, exhibit* a bond 
strength under she ar of 3 kg/mm 2 or more above 200 
°C and retain* a strength of 2 kg/mm 1 even at 2S0 A C. 

(Example 4) 



tegraph dearly Indicates that the Interface had at- 
talned 100% bonding without non-bonded portions 
such aa pones. Trie test piece at room temperature ex- 
hibited a bond strength under shaarof iSl^/mm* and 
s a tonoile strength under shear of 43 kg/mm*. The In 
brazing material-bonded piece gave a bond strength 
under shear at a low level of 1 kg/rnm*. Thie teatif res 
to the superiority of solid-phase diffusion bonding. 

(Example 7) 

A targat assembly waa made by sofld-phatf o dif- 
fusion bonding In the aame manner as described in 
Example G with the exception that the bonding tem- 
perature was changed to 500 «C end the strain rate 
to i x iQ^/see, Similar affects were achieved, 

[Advantages of the invemton) 

Solid-phase diffusion bonding at a low tempera- 
ture and pressure has the following features: 

(1) The uniformity of crystal Otrufiturd 9 main- 
tained with the suppression of crystal grain 
growth- 

(2) The proc e ss of fabrication causes no damage 
to the target material 

(3) Inter diffusion of the atoms constituting the tar- 
get material, backing plate f and insert ff used 
acrooo tho bond Interface* produce? high de- 
grees of adhesion and bond strength, 

(4) The sharp drop of bond strength; is avoided as 
found in the rise of rha service temperature that 
can occur with a low-melting brazing material. 

(5) Solid-phase bonding give* reliable bonds of a 
bonding araa percentage of 100% without non- 
bondod portions such oe pores that can result 
from ordinary bonding, due to shrinkage on soli- 
dification of a brazing material, 
Consequently, thia invention offers advantages 

AVfallogfti.. 



(a) A targat material can be bonded to a back- 
ing piate without the poaalbia danger of befog dam- 
aged ; (b) uniformity of sputtering Is ensured wfth the 
result that the film thtaknoae a kept constant and the 
film properties are made uniform and atabta; (c) a 
greater electric power can bo put for sputtering, and 
therefore the throughput for film forming by sputter- 
ing can be improved; and (d) the target Itself can be 
baked at around 200 °C» thus reducing adsorbsd wa- 
ter, gas, and the like in the target surface. 



Claims 

1) A sputtering target assembly comprising a 
sputtering target and a backing plate characterized in 
thatsafd sputtering target and backing plate are solld- 
phaee dhr fusion-bonded with r without an insert or 



A tungsten target material of high purity 
(>99.998%) in the form of a disk 29S mm in diameter 20 
waa diffusion-bonded to a titanium backing plate of in- 
dustrial purity through an Ag Insert In a vacuum of S 
* 10-* Torr, at a bending temperature of 400° C, and 
under a load of 8 kg /mm 3 . Amicrograph of a cross sec- 
tion Illustrating tho bond interfaces of tho bonded ma- 25 
ferial thus obtained ia shown in FIG. 5. It can ba seen 
from tho photograph that Interfaces having the bond- 
ed area percentage of 100% with non-bonded por- 
tions such as pores were obtained. The bend strength 
under ehesr at room temperature of test pieces cut out jo 
from five diametral points in the manner described in 
Example 3 was 7 kg/mm 2 . On the other hand, the 
bond strength undor shear of test pieces of a material 
bonded using en In brazing material was at a level of 
as lower aa of 1 kg/mm*. This difference verffles the J5 
superiority of eottd-phase diffusion bonding. 

(Example S) 

bonding similarly to Example 3 but ualng inserts of 
copper roa or nickel foil. S knllar effects we re attal nsd . 

(Examples) 

A htgh~puitty (>B3.9S9%) titanium target In ttis 
form of a disk 205 mm In diameter was diffusion- 
bonded to a titanium backing prats of Industrial purity 
dvactiy without the use of en In sen under e vacuum 
of S x 1 0- 8 Terr end at a bonding temperature of S50 so 
■C, lead of 7£ kg/mm 2 , and strain rate of & 1D-»teec 
In FIG. 6 are compared the bond strength undershear 
at room ternperatune of an assembly made by soQd~ 
phase diffusion bonding in ficcorflance wrtn this in- 
vention with that of a assembly which used an fnbraz* 68 
ing material. Amlcrograpn of tne oond interface of the 
bonded assembly is shown In FIG, 7. The crystal grain 
size of the target after bending was So um The phc- 
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Insert* interposed therebetween so as to have solid 
phase djftoaiorubondfld interfaces, raid dffftisicn- 
booted sputtering target substantially maintaining 
metallurgical characteristics and properties that the 
Sputtering target had befbro It la diffusion-bonded Lo 5 
aaid backing pfate. 

2) A solid- phase diffusion-bonded sputtering tar- 
get twomWy cnaracterlifrd being composed of s tar- 
get material having a matting point below 1000 °C, 
one or more Insert and a backing plate, said target ro 
material, said Insert and eafd backing plate having 
crtld-phOBO diffusion bonding interface* formed 
therebetween, said target material having uniform 
crystal structure with a grain ttea not exceeding 250 

is 

S) Aaputtering target assembly according to claim 
1 In which said begot material consists of aluminum 
Or an aluminum alloy. 

4}AepuH0rirt8 twgot aaeembly according to dalm 
2inwhiehsald inaortoarieleta of Oliver or a sWver alloy, *) 
copper or a copper alloy, or nickel or a nickel alloy. 

5) Aeputtaring targotaasembly according lodalm 
3 In which said mnvrt consists of eSvoror a an vor alloy, 
copper or a copper alloy, or nickel or * nfckoJ alloy. 

$) A method of manufacturing a sputtering target is 
aitwnbly charactercied by eolid-phaao diffusion 
bonding of a target material of a ghren final shape hav- 
ing a melting point below 1090 *C and a backing plats 
of a given final shape, with one or more Ineort inter- 
posed thamoetween, under a vacuum al a tempera- so 
turn between 150 and 300 °C t eafd target material 
having a uniform crystal structure with a grain ateo 
not exceeding 250 um 

7) AsoJ!o>phase dlfftjalon-bondoa ©puttering tar- 
get assembly characterized by being composed of a a* 
target material having a melting point no leaa than 
1 000 Q C, one or more tnoort selected from tha group 
consisting of metala or alloye having lower moitine 
polnta than the target material, and a backing plate. 

**trliaq|f material t^lMfflflf^lH k »^¥0J»',n»«l__frJ_, 

having solid-phase diffusion bonded interferes 
formed therebetween. 

9) Aaputtartng target eeeomtoy according so tha 
claim in which aatd target material Is a refractory met- 
al selected from the group consisting of W. Mo.Tl, Th, <s 
Zrand Nb. 

0) Aspufterlng tan^otaaacmbly according to 4alm 
T in which saidrnaartoonslsaofaiivarorafiirvarajloy. 
cop par or a oopper a/by, or nickel or a nickel alloy. 

10) A sputtering target aaaembly according to so 
claim & In which said imertconslstsofalverora^flver 

. alloy, copper ore copper alloy, or nickel or a nickel al- 
loy. 

11 > Amethod of manufacturing a sputtering target 
aooomcly characterized by sottd-pheae diffusion 65 
bonding 0*4 target material of a ghren final shape hav- 
ing a molting point not loo* than 1 000 "C and a back- 
ing plate of a grven final ehape ( with en Ineort or in* 



eerta Interposed therebetween, oerrf inserts) being 
made of one or more materials selected from trie 
group consisting of metals or alloys having lower melt- 
ing points than the argot material, und era vacuum at 
a temperature between 200 and 600 °C and at a pres- 
sure between 0.1 and 20 kg/mm 2 . 

12) A solid-photo diffvaton-bondod sputtering 
target assembly characterized by being oompoood of 
a titanium target material and a backing plate of tlta. 
n/um, which hove edW-phase diffusion bonding tnter- 
fecas formed therebetween, aatd target material hav- 
ing a uniform crystal structure with a crystal grain 
size not exceeding 100 ym. 

13) Amethod cf manufacturing a aofid-pha&e dtf- 
fusion- bonded sputtering taFget assembly composed 
of a titnnfum target material and a backing plate of ti- 
tanium In which tha targe* material hoa uniform 

tal structure with a crystal grain diameter not exceed- 
ing lOOum, characterized by solid-phase drffuuion 
bonding of a titanium target material and a backing 
plate of titanium under conditions such that tho strain 
rate attained is no mora than 1 x iD^aec 

14) A method according to dalm 13 in which the 
diffusion bonding is performed at a temperature be- 
tween 950 and 650 °C 
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